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© (54) Title: CONTINUOUS INK JET PRINTING INK COMPOSITION 

(57) Abstract: The present invention provides an ink jet ink composition suitable for use in continuous ink jet printing comprising 
a liquid vehicle, a binder resin, a colorant, and optionally a surfactant. The liquid vehicle includes an organic solvent or blend of 

Q solvents having an evaporation rate less than about 1.2, relative to n-butyl acetate standard which has an evaporation rate of 1.0. The 
present invention further provides a method for eliminating or reducing make-up consumption in continuous ink jet printing. The 

^ present invention further provides a process of continuous ink jet printing which is free or substantially free of make-up consumption. 
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Continuous Ink Jet Printing Ink Composition 

The present invention generally relates to continuous ink jet printing and ink 
5 compositions suitable therefor, and particularly to continuous ink jet printing and ink 
compositions that allow continuous printing with reduced or no make-up of the ink 
composition. 

Ink jet printing is a well-known technique by which printing is accomplished 
without contact between the printing device and the substrate on which the printed 

10 characters are deposited. Briefly described, ink jet printing involves the technique of 
projecting a stream of ink droplets to a surface and controlling the direction of the 
stream, e.g., electronically, so that the droplets are caused to form the desired printed 
image on that surface. 

Reviews of various aspects of ink jet printing can be found in Kuhn et al, 

15 Scientific American, April 1979, 162-178; and Keeling, Phys. TechnoL, 12(5), 196-203 
(1981). Various ink jet apparatuses are described in U.S. Patents 3,060,429; 3,298,030; 
3,373,437; 3,416,153; and 3,673,601. An example of a continuous ink jet ink 
composition can be found in U.S. Patent 5,594,044. In general, an ink composition for 
use in continuous ink jet printing should possess certain desirable properties relating to 

20 viscosity, electrical resistivity, and ink dry time on the substrate. For example, a short 
•dry time is preferable as it allows high printing speeds. 

In single nozzle type continuous ink jet printing, the ink jet emanating from the 
nozzle breaks into small droplets. A stimulation signal is typically applied to the 
nozzle to form uniformly spaced ink droplets. During printing, the printing ink 

25 droplets are charged and are deflected as they pass through a region of high voltage of 
opposite charge. The deflected droplets are deposited onto a substrate at a location that 
is determined by the charging levels. The non-printing droplets are collected and 
returned to the ink module or tank. Generally a vacuum present in the ink tank 
facilitates the return of ink. In binary array type continuous ink jet printing, the 

30 printing drops are not charged and are deposited onto a substrate. The non-printing 
droplets are charged and deflected to a gutter and returned to the ink module or tank. 
The ink is thus recycled. During recycling, the ink is exposed to the ambient 
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atmosphere and/or the vacuum, and the volatile component of the ink evaporates. The 
evaporation of the solvent leads to an increase in ink viscosity. The increase in ink 
viscosity leads to a decrease in ink flow rate. This ultimately leads to deterioration in 
print quality or the ability to operate the printer without interruption. 
5 The loss of solvents in continuous ink jet printing has been recognized in the 

industry; see, e.g., U.S. Patent 3,846,141. To maintain sufficient fluidity of the ink a 
make-up fluid is added to the return tank to replace lost fluids; see, e.g., U.S. Patent 
5,711,791. 

A disadvantage of this approach includes the cost associated with the 

10 incorporation of complex mechanical and electronic ink controls into the printing 
system. In addition, the cost of the make-up fluid can be significantly high, as make- 
up consumption rates of, e.g., as high as 200 g/24 hours and higher have been 
experienced in continuous ink jet printing. Further, the evaporation of certain volatile 
solvents into the atmosphere may require ventilation considerations that at times are 

1 5 not desirable to the customer. 

U.S. Patent 5,980,624 attempts to solve the problem of solvent loss from inks 
employed mainly in stamp pads and ball point pens. Inks employed in these 
applications are distinct from' continuous ink jet inks. Continuous ink jet inks have 
properties, e.g., viscosity, and requirements, that are distinct or more stringent than 

20 those of stamp pad or ball point inks. In as much as the '624 patent mentions ink jet 
ink, it does not mention or address the concerns relating to continuous ink jet inks. 

Thus, there exists a need for a continuous ink jet ink composition that has a 
reduced evaporation rate. There further exists a need for an ink composition that 
allows operation of the continuous ink jet printer with reduced or no make-up and that 

25 provides short dry time of the ink on the substrate. There further exists a need for a 
continuous ink jet printing process wherein ink make-up is reduced or eliminated. 

Many of the foregoing needs have been fulfilled by the present invention which 
provides an ink jet ink composition suitable for use in continuous ink jet printing. In 
an embodiment, the ink composition comprises a liquid vehicle, one or more binder 

30 . resins, and one or more colorants. Preferably the ink composition contains a 
surfactant. Thp present invention further provides a method for eliminating or 
reducing make-up in continuous ink jet printing. An important aspect of the ink 
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composition of the present invention is that make-up consumption is reduced or 
eliminated without significantly increasing ink dry time on a substrate. The present 
invention further provides a process of continuous ink jet printing which is free or 
substantially free of make-up. 
5 According to the present invention there is provided a jet ink composition 

suitable for use in continuous ink jet printing comprising a liquid vehicle, one or more 
binder resins, and a colorant, wherein the liquid vehicle comprises about 30% or more 
by weight of one or more organic solvents having an evaporation rate of about 0.1 to 
about 1.5 relative to n-butyl acetate standard which has an evaporation rate of 1.0. 

10 Embodiments of the invention will now be described. Reference will be made 

to the Fig.l drawing which depicts the flow time of embodiments of the continuous ink 
jet ink composition described in Example 2 as a function of printer run time. The x- 
axis depicts the printer run time in hours and the y-axis depicts the flow time of the ink 
in seconds. The printing rate was set at 7.2 cmVhour, which was equivalent to 2.4% of 

15 the jetted ink being printed on the substrate. 

The present invention provides a jet ink composition suitable for use in 
continuous ink jet printing. The jet ink composition has the advantage that it reduces, 
and in a preferred embodiment, eliminates ink make-up. Reduction or elimination of 
the make-up benefits the overall system cost, both to the end user and the 

20 manufacturer. Other advantages include lower maintenance, lower solvent storage, 
and/or reduced solvent emission. 

The present invention provides a jet ink composition comprising a liquid 
vehicle, one or more binder resins, a colorant. The ink composition preferably 
includes a surfactant. The jet ink composition is suitable for use in continuous ink jet 

25 printing. 

In embodiments of the invention, the jet ink composition has (1) a viscosity of 
from about 1.6 to about 10.0 centipoises (cP) at 25 °C; (2) a specific electrical 
resistivity of from about 50 to about 2000 ohm-cm; and (3) a sonic velocity of from 
about 1100 to about 1700 meters/second. The ink composition is fast drying on 
30 substrates, e.g., embodiments of the ink composition have a dry time on substrates of 
less than about 10 seconds. . 
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The jet ink composition of the present invention can include as liquid vehicle 
any suitable solvent. Organic solvents are preferred. Examples of suitable organic 
solvents include ketones, ethers, esters, amides, alcohols, alkoxyalcohols, or a 
combination thereof. Water can be used in combination with organic solvents. 
5 The liquid vehicle includes a relatively . low evaporating solvent. In 

embodiments of the invention, the liquid vehicle of the ink composition includes at 
least about 30% or more, preferably 50% or more, and more preferably abOut 60% or 
more, of a solvent or a solvent blend that has an evaporation rate of up to about 1.5 
(±0.2) relative to n-butyl acetate standard which has an evaporation rate of 1.0* as 

10 determined by the ASTM Method D-3539. In certain embodiments, the solvent or 
solvent blend has an evaporation rate of about 1.2 or less, e.g., from about 0.1 to about 
1.2, preferably from about 0.1 to about 1.0, and more preferably from about 0.2 to 
about 0.7. Particular examples of organic solvents include l-methoxy-2-propanol 
(PM) and acetone alcohol. PM has an evaporation of about 0.7. Acetone alcohol has 

15 an evaporation rate of about 0.1. 

The liquid vehicle can be present in any suitable amount, typically up to 98% 
by weight, preferably from about 30% to about 90%, and more preferably from about 
50% to about 90% by weight of the ink composition. 

Solvents such as N-methyl pyrrolidone (NMP) and methyl lactate (ML), which 

20 have relatively evaporation rates near the lower end, such as e.g., less than 0.1, of the 
evaporation rate scale above, are preferably used in combination with solvents such as 
PM and acetone alcohol. The lower evaporating solvents such as NMP and ML are 
preferably used in smaller amounts, for example, in an amount typically less than 
about 20% by weight, preferably less than 10% by weight, and more preferably from 

25 about 2% by weight to about 8% by weight of the ink composition. Water is typically 
used in a small amount, typically less than about 5%. 

The jet ink composition includes one or more binder resins. The binder resin 
imparts adhesion to the substrate. The binder resin preferably has good solvent release 
properties. Examples of binder resins . include ketone resins, aldehyde resins, cellulose 

30 derivative resins, acrylic resins, phenolic resins, rosin resins, modified rosin resins 
such as phenolic modified rosin resins, and vinyl resins. Examples of suitable resins 
include KRUMBHAAR™ K-1717HMP, a polyketone resin, and KRUMBHAAR™ K- 
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3107, a phenolic modified rosin resin, both resins available from Lawter International, 
Inc. in Northbrook, EL. An example of an aldehyde resin is a polyvinyl butyral resin, 
e.g., PIOLOFORM™ LL4150 resin available from Wacker Chemie, Adrian, ML An 
example of cellulosic resin is nitrocellulose resin, e.g., the nitrocellulose 18/25 cP 
5 grade available from Hercules, Inc. in Wilmington, DE. 

The jet ink composition includes a colorant. Any suitable colorant, e.g., a 
pigment, dye, or lake, can be used. Preferably, the ink composition includes a dye. An 
example of a suitable dye is CI. Solvent Black 29 available as ORASOL BLACK 
RLI™ from Ciba Corp. in Newport, DE. C.I. Solvent Black 29 is also available from 
10 Orient Chemical, Inc., in Japan. For other examples of dyes, see U.S. Patent 
5,594,044. . 

The jet ink composition includes the colorant in an amount to produce a 
suitable contrast and/or readability. The colorant is typically present in an amount less 
than 10% by weight, e.g., from about 0.5% to about 10% by weight, preferably from 
1 5 about 1 % to about 5% by weight of the jet ink composition. 

The ink composition preferably includes a surfactant. Any suitable surfactant 
can be employed, e.g., a silicon compound, a fluorocarbon compound, or an 
alkylphenoxy compound. Typical surfactants include siloxanes, fluorocarbon esters or 
fluorinated esters, and alkylphenoxy alkyleneoxides. Mixtures of surfactants also can 
20 be employed. 

An example of a siloxane is poly(alkyleneoxide) modified siloxane or a 
polyester modified siloxane such as poly(alkyleneoxide) modified 
polydimethylsiloxane or a polyester modified polydimethylsiloxane. An example of a 
poly(alkyleneoxide) modification is poly(ethyleneoxide) modification.' For example, 

25 SELWET™ 7622, a poly(alkyleneoxide) modified polydimethylsiloxane from Witco 
can be employed, or BYK™ 333, a polyester modified polydimethylsiloxane from 
BYK-Chemie USA can be employed. The alkylphenoxy compound preferably 
includes an alkylphenoxy poly(alkyleneoxy) moiety. An example of an alkylphenoxy 
compound nonylphenoxy poly(ethyleneoxy)ethanol such as the nonylphenoxy 

50 poly(ethyleneoxy)ethanol available as IGEPAL™ CO-210 or IGEPAL CO-430 from 
Rhodia Inc. In embodiments, ethoxylated nonylphenols are preferred surfactants. An 
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example of a fluorocarbon ester is a fluoroaliphatic polymeric ester such as FC™-430 
available from 3M Co. 

The surfactant can be present in any suitable amount, preferably in an amount 
up to about 5% by weight or more, more preferably in an amount of up to 2% by 
weight, and even more preferably in an amount of greater than or about 0.05% to about 
1% by weight of the ink composition. 

The surfactant molecules have a tendency to stay at the liquid/air interface due 
to the surfactant's low surface tension. It is believed that the surfactant molecules act 
as a boundary or barrier. The surfactant retards or eliminates solvent evaporation. The 
surfactant preferably moves rapidly to the surface of ink droplets. As the droplets are 
generated and flung in the air, the surface gets disrupted; the disrupted surface is 
healed as the surfactant moves to the air liquid interface. Further, as the ink returns to 
the ink reservoir, the surface tends to get disrupted. The surfactant moves to the air 
liquid interface and heals the disruption. Accordingly, the diffusion rate of the 
surfactant in the ink should be preferably high. Relatively small molecular size of the 
surfactant favors rapid diffusion. High bulk concentration of the surfactant provides 
increased concentration at the air liquid interface. The thickness of the boundary layer 
favors reduction in evaporation. In embodiments of the invention, higher molecular 
weight surfactants provide thicker boundary layers and are more effective in reducing 
solvent evaporation. 

. The jet ink composition may include one or more additional ingredients, e.g., a 
plasticizer. A preferred plasticizer is Plasticizer 160, which is butyl benzyl o-phthalate 
and available from Monsanto Co. The plasticizer can be present in any suitable 
amount. For example, the plasticizer can be present in an amount of up to about 5% by 
weight of the jet ink composition, preferably in an amount of from about 1% by weight 
to about 5% by weight, and more preferably in an amount of about 3% by weight of 
the jet ink composition. 

The jet ink composition may contain one or more additives that improve or 
contribute to performance, e.g., conductivity agents. They usually are present in an 
amount of up to about 5.0% by weight of the jet ink composition. Examples of 
suitable conductivity agents include lithium salts such as lithium 
trifluoromethanesulfonate, available as FC™-122 from 3M Co., and lithium nitrate, 
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dimethylamine hydrochloride, diethylamine hydrochloride, and hydroxylamine 
hydrochloride. 

The jet ink composition may include an adhesion promoter. The adhesion 
promoter increases adhesion and/or improves rub resistance of the. printed image. An 
5 example of a suitable adhesion promoter is a silane such as Silane A-187 available 
from Union Carbide Co. Adhesion promoters can be used in any suitable amount, e.g., 
in an amount up to about 2% or more by weight of the ink composition. 

The jet ink composition may include a defoamer. The defoamer reduces the 
foaming tendency of the ink composition. An example of a suitable defoamer is 

L0 BYK™ 065 from BYK-Chemie USA. The defoamer can be used in an amount of, e.g., 
up to about 1% by weight of the ink composition. 

The present invention further provides a process for continuous ink jet printing 
on an object comprising projecting a stream of droplets of the ink composition to the 
object and controlling the direction of the stream so that the droplets are caused to 

L5 form the desired printed image on the object. The process is free or substantially free 
of ink make-up consumption and the ink composition includes a liquid vehicle 
containing at least about 30% or more by weight of a solvent or a solvent blend having 
an evaporation rate of about 1.5 or less, preferably about 1.2 or less, relative to n-butyl 
acetate standard which has an evaporation rate of 1.0, one or more binder resins, and a 

20 colorant. Preferably, the ink composition includes a surfactant, wherein the surfactant 
is present in an amount up to about 2%. 

Make-up consumption can be reduced in accordance with the present invention, 
by a careful choice of solvents and/or the use of a surfactant. Thus, in certain 
embodiments of the process, make-up consumption can be reduced by an amount of 

25 about 20% or more, and preferably 40% or more. In further preferred embodiments, 
make-up consumption can be reduced by about 80% or more relative to compositions. 
In even more preferred embodiments, make-up consumption can be fully eliminated. 

The make-up consumption rate of an ink composition can be determined by 
methods known to those skilled in the art, e.g., by measuring the viscosity or the flow 

1 0 time of the ink. The flow time of the ink through a cylindrical pipe of fixed length can 
be measured and compared to its set point. In embodiments of the present invention, 
the ink composition shows an increase in flow time of less than 15%, preferably less 



WO 01/90262 PCT/GB01/02328 

8 

than 10%, and more preferably from about 2% to about 8%, over a period of 120 
hours. 

The jet ink composition of the present invention is suitable for printing on a 
variety of substrates including paper, e.g., coated paper, glass, aluminum, e.g., 
5 aluminum foil, and plastics, e.g., polyethylene, PVC, acrylonitrile butadiene styrene 
polymers, and polyvinylidene fluoride. 

. The following Examples further illustrate embodiments of the present 
invention, but of course, should not be construed in any way as limiting the scope of 
the present invention. 
10 EXAMPLE 1 

This Example illustrates the preparation and properties of embodiments of the 
ink composition of the present invention. The following ingredients were combined 
and mixed for 90 minutes. The resulting solution was filtered* to obtain the ink 



composition, Ink Formulation No. 1: 

15 Material Weight % 

I -Methoxy-2-propanol 78.0 

Deionized water 2.0 

Methyl lactate 5.0 

Polyalkyleneoxide modified 

20 polydimethylsiloxane (SILWET-7622) 2.0 

Polyketone resin, KRUMBHAAR 

K-I717HMP 6.0 

Phenolic modified rosin resin, KRUMBHAAR K-3107 0.5 

Solvent Black 29 4.5 

2 5 FLUORAD™ brand lithium 

trifluoromethanesulfonate (FC-122) 2.0 

Total 100.0 



The ink composition had the following properties: 

30 

Viscosity 4.3 cP 

Resistivity 1323 ohm-cm 

pH 3.8 
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Specific gravity 0.98 g/cm 3 
Velocity of sound 1320 meter/second. 

Ink Formulation Nos. 2-6 were prepared and the ingredients are set forth below:. 



5 Ink Formulation No. 2 

Material , Weight % 

l-Methoxy-2-propanol . 83.0 

1 0 Lithium trifluoromethanesulfonate (FC-122) 2.0 

D.I. Water 2.0 
Polyketone resin 

KRUMBHAAR K- 1 717HMP 6.0 

1 5 Phenolic modified rosin resin, 

KRUMBHAAR K-3 107 0.5 

Solvent Black 29 4.5 

Polyester modified polydimethylsiloxane, 

20 (SILWETL-7622) " 2,0 

Total 100.0 

Ink Formulation No. 3 

25 Material Weight % 

l-Methoxy-2-propanol 79.9 

Methyl lactate 5.0 

Potassium thiocyanate 1.5 

3 0 Polyvinyl butyral, PIOLOFORM LL 4150 0.6 
Polyketone resin, KRUMBHAAR 

K- 1717HMP 5.0 

Solvent black 29 5.0 

Fludroaliphatic polymeric ester (FC-430) 

35 (10% in MEK) 3ti 

Total 100.0 



Ink Formulation No. 4 
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Material Weight % 

N-Methyl pyrrolidone 7.0 

I-Methoxy-2-propanol 78.4 

5 Deionized water 1.0 

Polyketone resin, KRUMBHAAR K-1717HMP 4.0 

Nitrocellulose 18/25 cps 0.8 

Solvent Black 29 4.5 

Butyl benzyl phthalate 0.5 

1 0 Nonylphenoxy poly (ethyleneoxy )- 

ethanol (IGEPAL CO-210) 2.0 

Lithium nitrate 1.8 

Total 100.0 

15 

Ink Formulation No. 5 

Material t Weight % 

l-Methoxy-2-propanol 85.0 
Lithium trifluoromethanesulfonate (FC-122) 2.0 
20 DA Water 2.0 
KRUMBHAAR K-1717HMP 6.0 
KRUMBHAAR K-3107 0.5 

Solvent Black 29 4.5 

Total 100.0 

25 

Ink Formulation No. 6 

Material Weight % 

l-Methoxy-2-propanol 76.95 

DA Water 2.0 
30 Methyl lactate 8.0 . 

Polyester modified polydimethylsiloxane (B YK 333) 0. 1 
KRUMBHAAR K-1717HMP 6.0 

KRUMBHAAR K-3 107 0.75 
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Solvent Black 29 4.5 

Lithium Nitrate L7 

Total 100.0 

5 EXAMPLE 2 



This Example illustrates an advantage of an embodiment of the ink composition 
of the present invention. The ink composition was suitable for continuous ink jet 
printing without make-up. 

Ink Formulation Nos. 1, 2, and 5 described in Example 1 were loaded in 
10 separate runs into a Marconi Data Systems EXCEL™ Videojet 170i printer. The 
printer was run at a printing rate of 7.2 cm 3 /hour. This printing rate was equivalent to 
2.4% of the ink jetted being printed on the substrate and the rest being recycled. 

The flow time of the ink was measured as a function of printer run time. The 
results obtained are set forth in Fig. 1. The flow time of the jet ink of the present 
15 invention was relatively constant over the duration of the test period. The flow time 
reached a dynamic equilibrium, value" and maintained at that value. After reaching 
equilibrium, ink Formulas 1, 2, and 5 showed flow time increases of 1.9%, 2.5%, and 
3.7% respectively, compared with the set point. The prints of these ink formulations 
showed dry time of less then 10 seconds. 

20 

EXAMPLE 3 

This Example illustrates ink compositions wherein the use of a surfactant 
reduced make-up consumption rate. Ink Formulation Nos. 7-8 were prepared from the 



following ingredients: 

25 Ink Formulation No. 7 

Material Weight % 

Methyl ethyl ketone 79.5 

l-Methoxy-2-propanol 3.0 

PIOLOFORM LL 4150 7.5 

30 Solvent Black 29 5.0 

SILWETL-7622 _5J) 

Total 100.0 
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Ink Formulation No. 8 

Material Weight % 

l-Methoxy-2-propanol 83.0 
5 D.I. Water 2.0 
Lithium trifluoromethanesulfonate 2.0 
Polyketone resin, KRUMBHAAR K-1717HMP 6.0 
Polyketone resin, KRUMBHAAR K-3107 0.5 
Solvent Black 29, VALIFAST BLACK 3808 4.5 
10 SILWETL-7622 2.0 

Total 100.0 



The ink formulations were tested for drying time and make-up consumption. 
The results obtained are set forth below: 

15 



Ink Formulation No. 


Dry Time (Seconds) 


Make-up Consumption 






(g/24 hours) 


7 


2.5 


140 


8 


5 


12 



The foregoing shows that make-up consumption can be reduced by reducing the 
volatility of the solvent. Advantageously, one or more surfactants can be included in 
20 the ink composition to reduce or eliminate make-up consumption. 
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Claims: 

1. A jet ink composition suitable for use in continuous ink jet printing comprising 
a liquid vehicle, one or more binder resins, and a colorant, wherein the liquid vehicle 

5 comprises about 30%, or more by weight of one or more organic solvents having an 
evaporation rate of about 0.1 to about 1.5 relative to n-butyl acetate standard which has 
an evaporation rate of 1 .0. 

2. A jet ink composition according to claim 1, which has (1) a viscosity of 1.6 to 
about 10.0 cP at 25°C; (2) a specific electrical resistivity of about 50 to about 2000 

10 ohm-cm; and (3) a sonic velocity of from about 1 100 to about 1700 meters/second. 

3. A jet ink composition according to claim 1 or claim 2, wherein, the organic 
solvent comprises a glycol ether, a ketone, an ester, an alcohol, an ether, or a 
combination thereof. 

4. A jet ink composition according to claim 3, wherein the glycol ether is 1- 
15 methoxy-2-propanoi. 

5. A jet ink composition according to any one of the preceding claims, wherein 
the colorant comprises a dye. 

6. A jet ink composition according to any one of the preceding claims, wherein 
the binder resin includes a polyketone resin, a polyvinyl butyral resin, a cellulose 

20 derivative resin, an acrylic resin, a phenolic resin, a modified rosin, or a combination 
thereof. 

7. A jet ink composition according to claim 6, wherein the cellulose derivative 
resin is nitrocellulose. 

8. A jet ink composition according to any one of the preceding claims, which 

2 5 includes a surfactant. 

9. A jet ink composition according to claim 8, wherein the surfactant comprises a 
silicon compound, a fluorocarbon compound, an alkylphenoxy compound, or a 
combination thereof. 

10. A jet ink composition according .to claim 9, wherein the silicon compound 

3 0 comprises a modified polydimethylsiloxane. 
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11. A jet ink composition according to claim 10, wherein the modified 
polydimethylsiloxane comprises a poly(alkyleneoxide) modified siloxane or a 
polyester modified siloxane. 

12. A jet ink composition according to claim 9, wherein the fluorocarbon 
5 compound comprises an aliphatic fluorocarbon ester. 

13. A jet ink composition according to claim 9, wherein the alkylphenoxy 
compound comprises an alkylphenoxy poly(alkyleneoxy) moiety. 

14. A jet ink composition according to claim 13, wherein the alkylphenoxy 
compound is nonylphenoxy poly(ethyleneoxy)ethanol. 

10 15. A jet ink composition according to claim 8, wherein the surfactant is present in 
an amount greater than about 0,05 % by weight of the jet ink composition. 
16. A method for reducing or eliminating ink make-up in continuous ink jet 
printing comprising providing a jet ink composition according to any one of the 
preceding claims. 

15 17. A process for continuous ink jet printing on an object comprising projecting a 
stream of droplets of an ink composition to the object and controlling the direction of 
the stream so that the droplets are caused to form the desired printed image on the 
object, wherein the process is free or substantially free of ink make-up and the ink 
composition comprises a jet ink composition according to any one of claims 1 to 15. 
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O (54) Title: CONTINUOUS INK JET PRINTING INK COMPOSITION 

(57) Abstract: The present invention provides an ink jet ink composition suitable for use in continuous ink jet printing comprising 
a liquid vehicle, a binder resin, a colorant, and optionally a surfactant. The liquid vehicle includes an organic solvent or blend of 
solvents having an evaporation rate less than about 1.2, relative to n-butyl acetate standard which has an evaporation rate of 1.0. The 
present invention further provides a method for eliminating or reducing make-up consumption in continuous ink jet printing. The 
^ present invention further provides a process of continuous ink jet printing which is free or substantially free of make-up consumption. 
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Continuous Ink Jet Printing Ink Composition 

The present invention generally relates to continuous ink jet printing and ink 
5 compositions suitable therefor, and particularly to continuous ink jet printing and ink 
compositions that allow continuous printing with reduced or no make-up of the ink 
composition. 

Ink jet printing is a well-known technique by which printing is accomplished 
without contact between the printing device and the substrate on which the printed 

10 characters are deposited. Briefly described, ink jet printing involves the technique of 
projecting a stream of ink droplets to a surface and controlling the direction of the 
stream, e.g., electronically, so that the droplets are caused to form the desired printed 
image on that surface. 

Reviews of various aspects of ink jet printing can be found in Kuhn et al, 

15 Scientific American, April 1979, 162-178; and Keeling, Phys. Technol, 12(5), 196-203 
(1981). Various ink jet apparatuses are described in U.S. Patents 3,060,429; 3,298,030; 
3,373,437; 3,416,153; and 3,673,601. An example of a continuous ink jet ink 
composition can be found in U.S. Patent 5,594,044. In general, an. ink composition for 
use in continuous ink jet printing should possess certain desirable properties relating to 

20 viscosity, electrical resistivity, and ink dry time on the substrate. For example, a short 
dry time is preferable as it allows high printing speeds. 

In single nozzle type continuous ink jet printing, the ink jet emanating from the 
nozzle breaks into small droplets. A stimulation signal is typically applied to the 
nozzle to form uniformly spaced ink droplets. During printing, the printing ink 

25 droplets are charged and are deflected as they pass through a region of high voltage of 
opposite charge. The deflected droplets are deposited onto a substrate at a location that 
is determined by the charging levels. The non-printing droplets are collected and 
returned to the ink module or tank. Generally a vacuum present in the ink tank 
facilitates the return of ink. In binary array type continuous ink jet printing, the 

30 printing drops are not charged and are deposited onto a substrate. The non-printing 
droplets are charged and deflected to a gutter and returned to the ink module or tank. 
The ink is thus recycled. During recycling, the ink is exposed to the ambient 
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atmosphere and/or the vacuum, and the volatile component of the ink evaporates. The 
evaporation of the solvent leads to an increase in ink viscosity. The increase in ink 
viscosity leads to a decrease in ink flow rate, this ultimately leads to deterioration in 
print quality or the ability to operate the printer without interruption. 0 
5 The loss of solvents in continuous ink jet printing has been recognized in the 

industry; see, e.g., U.S. Patent 3,846,141. To maintain sufficient fluidity of the ink a 
make-up fluid is added to the return tank to replace lost fluids; see, e.g., U.S. Patent 
5,711,791. 

A disadvantage of this approach includes the cost associated with the 

10 incorporation of complex mechanical and electronic ink controls into the printing 
system. In addition, the cost of the make-up fluid can be significantly high, as make- 
up consumption rates of, e.g., as high as 200 g/24 hours and higher have been 
experienced in continuous ink jet printing. Further, the evaporation of certain volatile 
solvents into the atmosphere may require ventilation considerations that at times are 

1 5 not desirable to the customer. 

U.S. Patent 5,980,624 attempts to solve the problem of solvent loss from inks 
employed mainly in stamp pads and ball point pens. Inks employed in these 
applications are distinct from' continuous ink jet inks. Continuous ink jet inks have 
properties, e.g., viscosity, and requirements, that are distinct or more stringent than 

20 those of stamp pad or ball point inks. In as much as the '624 patent mentions ink jet 
ink, it does not mention or address the concerns relating to continuous ink jet inks. 

Thus, there exists a need for a continuous ink jet ink composition that has a 
reduced evaporation rate. There further exists a need for an ink composition that 
allows operation of the continuous ink jet printer with reduced or no make-up and that 

25 provides short dry time of the ink on the substrate. There further exists a need for a 
continuous ink jet printing process wherein ink make-up is reduced or eliminated. 

Many of the foregoing needs have been fulfilled by the present invention which 
provides an ink jet ink composition suitable for use in continuous ink jet printing. In 
an embodiment, the ink composition comprises a liquid vehicle, one or more binder 

30 . resins, and one or more colorants. Preferably the ink composition contains a 
surfactant. Th$ present invention further provides a method for eliminating or 
reducing make-up in continuous ink jet printing. An important aspect of the ink 
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composition of the present invention is that make-up consumption is reduced or 
eliminated without significandy increasing ink dry time on a substrate. The present 
invention further provides a process of continuous ink jet printing which is free or 
substantially free of make-up. 
5 According to the present invention there is provided a jet ink composition 

suitable for use in continuous ink jet printing comprising a liquid vehicle, one or more 
binder resins, and a colorant, wherein the liquid vehicle comprises about 30% or more 
by weight of one or more organic solvents having an evaporation rate of about 0.1 to 
about 1.5 relative to n-butyl acetate standard which has an evaporation rate of 1.0. 

10 Embodiments of the invention will now be described. Reference will be made 

to the Fig.l drawing which depicts the flow time of embodiments of the continuous ink 
jet ink composition described in Example 2 as a function of printer run time. The x- 
axis depicts the printer run time in hours and the y-axis depicts the flow time of the ink 
in seconds. The printing rate was set at 7.2 cmVhour, which was equivalent to 2.4% of 

15 the jetted ink being printed on the substrate. 

The present invention provides a jet ink composition suitable for use in 
continuous ink jet printing. The jet ink composition has the advantage that it reduces, 
and in a preferred embodiment, eliminates ink make-up. Reduction or elimination of 
the make-up benefits the overall system cost, both to the end user and the 

20 manufacturer. Other advantages include lower maintenance, lower solvent storage, 
and/or reduced solvent emission. 

The present invention provides a jet ink composition comprising a liquid 
vehicle, one or more binder resins, a colorant The ink composition preferably 
includes a surfactant. The jet ink composition is suitable for use in continuous ink jet 

25 printing. 

In embodiments of the invention, the jet ink composition has (1) a viscosity of 
from about 1.6 to about 10.0 centipoises (cP) at 25°C; (2) a specific electrical 
resistivity of from about 50 to about 2000 ohm-cm; and (3) a sonic velocity of from 
about 1100 to about 1700 meters/second. The ink composition is fast drying on 

30 substrates, e.g., embodiments of the ink composition have a dry time on substrates of 

> ■ 

less than about 10 seconds. . 
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The jet ink composition of the present invention can include as liquid vehicle 
any suitable solvent. Organic solvents are preferred. Examples of suitable organic 
solvents include ketones, ethers, esters, amides, alcohols, alkoxyalcohols, or a 
combination thereof. Water can be used in combination with organic solvents. 
5 The liquid vehicle includes a relatively . low evaporating solvent In 

embodiments of the invention, the liquid vehicle of the ink composition includes at 
least about 30% or more, preferably 50% or more, and more preferably abOut 60% or 
more, of a solvent or a solvent blend that has an evaporation rate of up to about 1.5 
(±0.2) relative to n-butyl acetate standard which has an evaporation rate of 1.0, as 

10 determined by the ASTM Method D-3539. In certain embodiments, the solvent or 
solvent blend has an evaporation rate of about 1.2 or less, e.g., from about 0.1 to about 
1.2, preferably from about 0.1 to about 1.0, and more preferably from about 0.2 to 
about 0.7. Particular examples of organic solvents include l-methoxy-2-propanol 
(PM) and acetone alcohol. PM has an evaporation of about 0.7. Acetone alcohol has 

15 an evaporation rate of about 0.1. 

The liquid vehicle can be present in any suitable amount, typically up to 98% 
by weight, preferably from about 30% to about 90%, and more preferably from about 
50% to about 90% by weight of the ink composition. 

Solvents such as N-methyl pyrrolidone (NMP) and methyl lactate (ML), which 

20 have relatively evaporation rates near the lower end, such as e.g., less than 0.1, of the 
evaporation rate scale above, are preferably used in combination with solvents such as 
PM and acetone alcohol. The lower evaporating solvents such as NMP and ML are 
preferably used in smaller ampunts, for example, in an amount typically less than 
about 20% by weight, preferably less than 10% by weight, and more preferably from 

25 about 2% by weight to about 8% by weight of the ink composition. Water is typically 
used in a small amount, typically less than about 5%. 

The jet ink composition includes one or more binder resins. The binder resin 
imparts adhesion to the substrate. The binder resin preferably has good solvent release 
properties. Examples of binder resins . include ketone resins, aldehyde resins, cellulose 

30 derivative resins, acrylic resins, phenolic resins, rosin resins, modified rosin resins 
such as phenolic modified rosin resins, and vinyl resins. Examples of suitable resins 
include KRUMBHAAR™ K-1717HMP, a polyketone resin, and KRUMBHAAR™ K- 
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3107, a phenolic modified rosin resin, both resins available from Lawter International, 
Inc. in Northbrook, DL. An example of an aldehyde resin is a polyvinyl butyral resin, 
e.g., PIOLOFORM™ LL4150 resin available from Wacker Chemie, Adrian, MI. An 
example of cellulosic resin is nitrocellulose resin, e.g., the nitrocellulose 18/25 cP 
5 grade available from Hercules, Inc. in Wilmington, DE. 

The jet ink composition includes a colorant. Any suitable colorant, e.g., a 
pigment, dye, or lake, can be used. Preferably, the ink composition includes a dye. An 
example of a suitable dye is C.I. Solvent Black 29 available as ORASOL BLACK 
RLI™ from Ciba Corp. in Newport, DE. C.I. Solvent Black 29 is also available from 
10 Orient Chemical, Inc., in Japan. For other examples of dyes, see U.S. Patent 
5,594,044. b 

The jet ink composition includes the colorant in an amount to produce a 
suitable contrast and/or readability. The colorant is typically present in an amount less 
than 10% by weight, e.g., from about 0.5% to about 10% by weight, preferably from 
1 5 about 1 % to about 5% by weight of the jet ink composition. 

The ink composition preferably includes a surfactant. Any suitable surfactant 
can be employed, e.g., a silicon compound, a fluorocarbon compound, or an 
alkylphenoxy compound. Typical surfactants include siloxanes, fluorocarbon esters or 
fluorinated esters, and alkylphenoxy alkyleneoxides. Mixtures of surfactants also can 
20 be employed. 

An example of a siloxane is poly(alkyleneoxide) modified siloxane or a 
polyester modified siloxane such as poly(alkyleneoxide) modified 
polydimethylsiloxane or a polyester modified polydimethylsiloxane. An example of a 
poly(alkyleneoxide) modification is poly(ethyleneoxide) modification. 1 For example, 

25 SILWET™ 7622, a poly(alkyleneoxide) modified polydimethylsiloxane from Witco 
can be employed, or BYK™ 333, a polyester modified polydimethylsiloxane from 
BYK-Chemie USA can be employed. The alkylphenoxy compound preferably 
includes an alkylphenoxy poly(alkyleneoxy) moiety. An example of an alkylphenoxy 
compound nonylphenoxy poly(ethyleneoxy)ethanol such as the nonylphenoxy 

30 poly(ethyleneoxy)ethanol available as IGEPAL™ CO-210 or IGEPAL CO-430 from 
Rhodia Inc. In embodiments, ethoxylated nonylphenols are preferred surfactants. An 
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example of a fluorocarbon ester is a fluoroaliphatic polymeric ester such as FC™-430 
available from 3M Co. 

The surfactant can be present in any suitable amount, preferably in an amount 
up to about 5% by weight or more, more preferably in an amount of up to 2% by 
5 weight, and even more preferably in an amount of greater than or about 0.05% to about 
1% by weight of the ink composition. 

The surfactant molecules have a tendency to stay at the liquid/air interface due 
to the surfactant's low surface tension. It is believed that the surfactant molecules act 
as a boundary or barrier. The surfactant retards or eliminates solvent evaporation. The 

10 surfactant preferably moves rapidly to the surface of ink droplets. As the droplets are 
generated and flung in the air, the surface gets disrupted; the disrupted surface is 
healed as the surfactant moves to the air liquid interface. Further, as the ink returns to 
the ink reservoir, the surface tends to get disrupted. The surfactant moves to the air 
liquid interface and heals the disruption. Accordingly, the diffusion rate of the 

15 surfactant in the ink should be preferably high. Relatively small molecular size of the 
surfactant favors rapid diffusion. High bulk concentration of the surfactant provides 
increased concentration at the air liquid interface. The thickness of the boundary layer 
favors reduction in evaporation. In embodiments of the invention, higher molecular 
weight surfactants provide thicker boundary layers and are more effective in reducing 

2 0 solvent evaporation. 

The jet ink composition may include one or more additional ingredients, e.g., a 
plasticizer. A preferred plasticizer is Plasticizer 160, which is butyl benzyl o-phthalate 
and available from Monsanto Co. The plasticizer can be present in any suitable 
amount. For example, the plasticizer can be present in an amount of up to about 5% by 

2 5 weight of the jet ink composition, preferably in an amount of from about 1% by weight 
to about 5% by weight, and more preferably in an amount of about 3% by weight of 
the jet ink composition. 

The jet ink composition may contain one or more additives that improve or 
. contribute to performance, e.g., conductivity agents. They usually are present in an 

30 amount of up to about 5.0% by weight of the jet ink composition. Examples of 
suitable conductivity agents include lithium salts such as lithium 
trifluoromethanesulfonate, available as FC™-122 from 3M Co., and lithium nitrate, 
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dimethylamine hydrochloride, diethylamine hydrochloride, and hydroxylamine 
hydrochloride. 

The jet ink composition may include an adhesion promoter. The adhesion 
promoter increases adhesion and/or improves rub resistance of the. printed image. An 
5 example of a suitable adhesion promoter is a silane such as Silane A-187 available 
from Union Carbide Co. Adhesion promoters can be used in any suitable amount, e.g., 
in an amount up to about 2% or more by weight of the ink composition. 

The jet ink composition may include a defoamer. The defoamer reduces the 
foaming tendency of the ink composition. An example of a suitable defoamer is 

L0 BYK™ 065 from BYK-Chemie USA. The defoamer can be used in an amount of, e.g., 
up to about 1% by weight of the ink composition. 

The present invention further provides a process for continuous ink jet printing 
on an object comprising projecting a stream of droplets of the ink composition to the 
object and controlling the direction of the stream so that the droplets are caused to 

L5 form the desired printed image on the object. The process is free or substantially free 
of ink make-up consumption and the ink composition includes a liquid vehicle 
containing at least about 30% or more by weight of a solvent or a solvent blend having 
an evaporation rate of about 1.5 or less, preferably about 1.2 or less, relative to n-butyl 
acetate standard which has an evaporation rate of 1.0, one or more binder resins, and a 

20 colorant. Preferably, the ink composition includes a surfactant, wherein the surfactant 
is present in an amount up to about 2%. 

Make-up consumption can be reduced in accordance with the present invention, 
by a careful choice of solvents and/or the use of a surfactant. Thus, in certain 
embodiments of the process, make-up consumption can be reduced by an amount of 

IS about 20% or more, and preferably 40% or more. In further preferred embodiments, 
make-up consumption can be reduced by about 80% or more relative to compositions. 
In even more preferred embodiments, make-up consumption can be fully eliminated. 

The make-up consumption rate of an ink composition can be determined by 
methods known to those skilled in the art, e.g., by measuring the viscosity or the flow 

3 0 time of the ink. The flow time of the ink through a cylindrical pipe of fixed length can 
be measured and compared to its set point. In embodiments of . the present invention, 
the ink composition shows an increase in flow time of less than 15%, preferably less 
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than 10%, and more preferably from about 2% to about 8%, over a period of 120 
hours. 

The jet ink composition of the present invention is suitable for printing on a 
variety of substrates including paper, e.g., coated paper, glass, aluminum, e.g., 
5 aluminum foil, and plastics, e.g., polyethylene, PVC, acrylonitrile butadiene styrene 
polymers, and polyvinylidene fluoride. 

. The following Examples further illustrate embodiments of the present 
invention, but of course, should not be construed in any way as limi ting the scope of 
the present invention. 
10 EXAMPLE 1 

This Example illustrates the preparation and properties of embodiments of the 
ink composition of the present invention. The following ingredients were combined 
and mixed for 90 minutes. The resulting solution was filtered * to obtain the ink 



composition, Ink Formulation No. 1: 

15 Material Weight % 

I -Methoxy-2-propanol 78.0 

Deionized water 2.0 

Methyl lactate 5.0 

Polyalkyleneoxide modified 

20 polydimethylsiloxane (SDLWET-7622) 2.0 

Polyketone resin, KRUMBHAAR 

K-I717HMP 6.0 

Phenolic modified rosin resin, KRUMBHAAR K-3107 0.5 

Solvent Black 29 4.5 

2 5 FLUORAD™ brand lithium 

trifluoromethanesulfonate (FC-122) 2.0 

Total 100.0 



The ink composition had the following properties: 

30 

Viscosity 4.3 cP 

Resistivity 1323 ohm-cm 

pH 3.8 
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Specific gravity 0.98 g/cm 3 
Velocity of sound 1 320 meter/second. 

Ink Formulation Nos. 2-6 were prepared and the ingredients are set forth below:. 



5 Ink Formulation No. 2 

Material , Weight % 

l-Methoxy-2-propanol . 83.0 

1 0 Lithium trifluoromethanesulfonate (FC-122) 2.0 

DJ.' Water 2.0 
Polyketone resin 

KRUMBHAAR K- 1 7 17HMP 6.0 

1 5 Phenolic modified rosin resin, 

KRUMBHAAR K-3107 0.5 

Solvent Black 29 4.5 

Polyester modified polydimethylsiloxane, 

2 0 (SELWET L-7622) ZO 

Total 100.0 

Ink Formulation No. 3 

25 Material Weight % 

l-Methoxy-2-propanol 79.9 

Methyl lactate 5.0 

Potassium thiocyanate 1.5 

3 0 Polyvinyl butyral, PIOLOFORM LL 4150 0.6 

Polyketone resin, KRUMBHAAR 

K- 1717HMP 5.0 

Solvent black 29 5.0 

Fludroaliphatic polymeric ester (FC-430) 

35 (10% in MEK) 3,0 

Total 100.0 



Ink Formulation No. 4 
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Material Weight % 

N-Methyl pyrrolidone 7.0 

L-Methoxy-2-propanol 78.4 

5 Deionized water 1.0 

Polyketone resin, KRUMBHAAR K-1717HMP 4.0 

Nitrocellulose 18/25 cps 0.8 

Solvent Black 29 4.5 

Butyl benzyl phthalate 0.5 

1 0 Nonylphenoxy poly(ethyleneoxy)- 

ethanol(IGEPALCO-210) 2.0 

Lithium nitrate 1.8 

Total 100.0 

15 

Ink Formulation No. 5 

Material ( Weight % 

l-Methoxy-2-propanol 85.0 

Lithium trifluoromethanesulfonate (FC-122) 2.0 

20 D:I. Water 2.0 

KRUMBHAAR K-1717HMP 6.0 

KRUMBHAAR K-3107 0.5 

Solvent Black 29 _4,5 

Total 100.0 

25 

. Ink Formulation No. 6 

Material Weight % 

l-Methoxy-2-propanol 76.95 

D.I. Water 2.0 

3 0 Methyl lactate 8.0 . 

Polyester modified polydimethylsiloxane (B YK 333) 0. 1 

KRUMBHAAR K-1717HMP 6.0 

KRUMBHAAR K-3107 0.75 
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Solvent Black 29 4.5 

Lithium Nitrate L7 

Total 100.0 

5 EXAMPLE 2 



This Example illustrates an advantage of an embodiment of the ink composition 
of the present invention. The ink composition was suitable for continuous ink jet 
printing without make-up. 

Ink Formulation Nos. 1, 2, and 5 described in Example 1 were loaded in 
10 separate runs into a Marconi Data Systems EXCEL™ Videojet 170i printer. The 
printer was run at a printing rate of 7.2 cm 3 /hour. This printing rate was equivalent to 
2.4% of the ink jetted being printed on the substrate and the rest being recycled. 

The flow time of the ink was measured as a function of printer run time. The 
results obtained are set forth in Fig. 1. The flow time of the jet ink of the present 
15 invention was relatively constant over the duration of the test period. The flow time 
reached a dynamic equilibrium, value and maintained at that value. After reaching 
equilibrium, ink Formulas 1, 2, and 5 showed flow time increases of 1.9%, 2.5%, and 
3.7% respectively, compared with the set point. The prints of these ink formulations 
showed dry time of less then 10 seconds. 

20 

EXAMPLE 3 

This Example illustrates ink compositions wherein the use of a surfactant 
reduced make-up consumption rate. Ink Formulation Nos. 7-8 were prepared from the 



following ingredients: 

25 Ink Formulation No. 7 

Material Weieht % 

Methyl ethyl ketone 79.5 

1 -Methoxy-2-propanol 3 .0 

PIOLOFORMLL4150 7.5 

30 Solvent Black 29 5.0 

SILWETL-7622 ^0 

Total 100.0 
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Ink Formulation No. 8 

Material Weight % 

l-Methoxy-2-propanol 83.0 
5 D.I. Water .2.0 
Lithium trifluoromethanesulfonate 2.0 
Polyketone resin, KRUMBHAAR K-1717HMP 6.0 
Polyketone resin, KRUMBHAAR K-3 107 0.5 
Solvent Black 29, VALIFAST BLACK 3808 4.5 
10 SILWETL-7622 2.0 

Total 100.0 



The ink formulations were tested for drying time and make-up consumption. 
The results obtained are set forth below: 

L5 



Ink Formulation No. 


Dry Time (Seconds) 


Make-up Consumption 






(g/24 hours) 


7 


2.5 


140 


8 


5 


12 



The foregoing shows that make-up consumption can be reduced by reducing the 
volatility of the solvent. Advantageously, one or more surfactants can be included in 
20 the ink composition to reduce or eliminate make-up consumption. 
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Claims: 

1. A jet ink composition suitable for use in continuous ink jet printing comprising 
a liquid vehicle, one or more binder resins, and a colorant, wherein the liquid vehicle 

5 comprises about 30%. or more by weight of one or more organic solvents having an 
evaporation rate of about 0.1 to about 1.5 relative to n-butyl acetate standard which has 
an evaporation rate of 1 .0. 

2. A jet ink composition according to claim 1, which has (1) a viscosity of 1.6 to 
about 10.0 cP at 25°C; (2) a specific electrical resistivity of about 50 to about 2000 

10 ohm-cm; and (3) a sonic velocity of from about 1 100 to about 1700 meters/second. 

3. A jet ink composition according to claim 1 or claim 2, wherein, the organic 
solvent comprises a glycol ether, a ketone, an ester, an alcohol, an ether, or a 
combination thereof. 

4. A jet ink composition according to claim 3, wherein the glycol ether is 1- 
15 methoxy-2-propanol. 

5. A jet ink composition according to any one of the preceding claims, wherein 
the colorant comprises a dye. 

6. A jet ink composition according to any one of the preceding claims, wherein 
the binder resin includes a polyketone resin, a polyvinyl butyral resin, a cellulose 

20 derivative resin, an acrylic resin, a phenolic resin, a modified rosin, or a combination 
thereof. 

7. A jet ink composition according to claim 6, wherein the cellulose derivative 
resin is nitrocellulose. 

8. A jet ink composition according to any one of the preceding claims, which 

2 5 includes a surfactant. 

9. A jet ink composition according to claim 8, wherein the surfactant comprises a 
silicon compound, a fluorocarbon compound, an alkylphenoxy compound, or a 
combination thereof. 

10. A jet ink composition according .to claim 9, wherein the silicon compound 

3 0 comprises a modified polydimethylsiloxane. 
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11. A jet ink composition according to claim 10, wherein the modified 
polydimethylsiloxane comprises a poly(alkyleneoxide) modified siloxane or a 
polyester modified siloxane. 

12. A jet ink composition according to claim 9, wherein the fluorocarbon 
5 compound comprises an aliphatic fluorocarbon ester. 

13. A jet ink composition according to claim 9, wherein the alkylphenoxy 
compound comprises an alkylphenoxy poly(alkyleneoxy) moiety. 

14. A jet ink composition according to claim 13, wherein the alkylphenoxy 
compound is nonylphenoxy poly(ethyleneoxy)ethanol. 

10 15. A jet ink composition according to claim 8, wherein the surfactant is present in 
an amount greater than about 0,05 % by weight of the jet ink composition. 
16. A method for reducing or eliminating ink make-up in continuous ink jet 
printing comprising providing a jet ink composition according to any one of the 
preceding claims. 

15 17. A process for continuous ink jet printing on an object comprising projecting a 
stream of droplets of an ink composition to the object and controlling the direction of 
the stream so that the droplets are caused to form the desired printed image on the 
object, wherein the process is free or substantially free of ink make-up and the ink 
composition comprises a jet ink composition according to any one of claims 1 to 15. 
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